This preliminary pilot study explores sustained benefits of pulmonary rehabilitation 
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is the term used to incorporate a number of disorders including chronic bronchitis, emphysema and chronic asthma. It is widely accepted that COPD has a significant impact on individuals and their families, health care systems and society in general. In 2000, the World Health Organization estimated that 2.74 millon deaths were caused worldwide as a result of COPD (WHO 2000) . Specifically, in Australia, 5, 597 (8.3% suggests that air pollution directly resulting from the burning of wood and biomass fuels is also a significant risk factor for COPD development (Global Initiative for Chronic Obstructive Lung Disease 2007). The overall incidence of COPD is expected to increase in line with the aging population and exposure to COPD risk factors.
Mortality from COPD comes after a number of years of morbidity. The breathlessness created by COPD impacts on sleep, work, social activities and can result in a loss of self-esteem and independence. COPD is incurable so the goal of health care delivery is to provide support to individuals so as "to improve quality of life, increase exercise capacity and reduce morbidity and mortality" (McKenzie et al. 2003, p.7) . In light of this set of goals, a joint project conducted by the Thoracic Society of Australia and New Zealand and the Australian Lung Foundation developed evidence-based care guidelines that: "Confirm diagnosis, Optimise function, Prevent deterioration, Develop a self-management plan and manage eXacerbations" (COPDX Plan) (McKenzie et al. 2003, p.7) .
BACKGROUND Pulmonary Rehabilitation Programs
In recent years, health care organisations have utilised the guidelines and commenced both in-patient and home-based pulmonary rehabilitation (PR) programs. There is considerable evidence that rehabilitation programs for COPD patients show clinically and statistically significant improvements: benefits include reducing dyspnoea (Lacasse et al. 2001) ; anxiety (Celli 1995 , Covey et al. 2001 ; depression (Covey et al. 2001) ; improving exercise capacity (Lacasse et al. 2001) ; and quality of life (Wijkstra et al. 1994) . There is also some evidence that rehabilitation programs may reduce hospitalizations (Griffiths et al. 2000) . Lacasse et al. (2001) recommend, following a systematic review, that no further randomized controlled trials are needed to compare these programs with conventional COPD care. In a meta-analysis of 19 studies the average rehabilitation program was reported to be 11 weeks (ranging from three weeks to six months) in duration and predominantly administered in hospitalbased locations for both in-and out-patients (Oh & Seo 2006) , with some PR programs being delivered in community settings (Man et al. 2004) . Most rehabilitation programs, in order to help restore patient independence and functioning, include patient education, exercise training, and psychosocial support and findings from this vast literature indicate that the risks of integrated programs are minimal.
The benefits of rehabilitation programs however have been shown to dissipate after 6 5 -12 months (Foglio, Ambrosino & Agati 2007) and, unfortunately, relatively little is known about strategies to maintain the benefits of such programs (Oh & Seo 2006 , Romagnoli et al. 2006 , Lacasse et al. 2001 .
Maintenance Exercise Programs
The unequivocal benefits of pulmonary rehabilitation and the general consensus that these benefits decline after six months have brought increased attention to the efficacy of pulmonary maintenance programs. Within the reviewed literature, five studies were found to have investigated the effects of different types of maintenance exercise programs for individuals with COPD. These maintenance programs typically involved administering the same exercises and training as required in a rehabilitation program but at more regular intervals. These studies were mostly international research and were conducted between two -12 years ago, therefore highlighting the need for current research into the area. The oldest study reported that, at 18 months, individuals receiving no treatment maintenance had significantly deteriorated in their exercise tolerance when compared to those receiving monthly and weekly maintenance visits by a clinical practitioner (Wijkstra et al. 1996) . In Grosbois et al.'s (1999) research it was reported that, at 18 months, individuals who undertook either supervised or unsupervised maintenance exercise had made improvements in their maximal work rate, whereas those individuals who had no maintenance had no improvements. Puente-Maestu et al. (2003) compared a supervised and self-monitored eight-week leg exercise training program and reported that, at 13 months, there were small improvements in all individuals' tolerance of an intense constant work rate task and health-related quality of life compared to the unsupervised exercise program. A more recent study (Romagnoli et al. 2006) found that a more frequently repeated maintenance program (at six and 12 months compared with just at 12 months) led to additional long-term physiological gains for individuals. Finally, an Australian study investigating the effect of a 40 week community-based maintenance exercise program reported that people with moderate to severe COPD maintained PR benefits and that attrition in the program was mostly due to medical problems (Cockram, Cecins & Jenkins 2006) .
METHODS

Aim
The aim of this pilot study was to gain preliminary data, to assist in the design of a larger study, on the effectiveness of a 12 month home-based pulmonary maintenance program (PM) on COPD individuals' levels of: self-efficacy; functional exercise capacity; respiratory functioning; and, quality of life.
Design
The study used a one-group longitudinal pre-test post-test design. The University and Institution's human research ethics committees gave ethics approval. The study was two years in duration, with staggered recruitment of groups of 6 -10 participants from July 2005 -July 2006 and follow-up in the subsequent year.
Sample and Setting
To be included in the study, participants had to meet the following eligibility criteria:
• a diagnosis of COPD • ability to read and write English sufficiently to complete the outcome measures.
After completing a pulmonary rehabilitation program at either of the two large tertiary hospitals, individuals referred to the Community Respiratory Service were contacted by telephone by the Community Respiratory Nurse Educator regarding their participation in the home-based maintance program. Those individuals seeking to participate and who had made an appointment for the initial assessment visit were mailed a written information sheet outlining the study. At the initial maintenance program visit, if eligible for inclusion, individuals were: reminded about the study; referred to the material previously sent; and then invited to participate in the study.
Consenting individuals signed an informed consent sheet.
Intervention
The 12 month pulmonary maintenance program was commenced 4 weeks following the completion of PR program and consisted of a range of strategies to sustain optimum respiratory function for those with COPD. The strategies included:
• a generic exercise program that included: a warm-up; strength exercises; balance exercises; and stretches. The program was progressive in intensity, spanning a 12 month period 
Functional exercise capacity
Functional exercise capacity was measured by a six minute walk test. This test is a simple, objective evaluation of functional capacity (American Thoracic Society 2002) and is commonly used as an outcome measure in clinical practice for clients with severe heart or lung disease (American Thoracic Society 2002; Sciurba et al. 2003) .
Respiratory function
Respiratory function was measured firstly by spirometry. Spirometry, described as "the gold standard for diagnosing, assessing and monitoring COPD" (McKenzie et al. 2003, p.11) , is used to measure the airflow limitations of COPD (Bestall et al. 1999; McKenzie et al. 2003) (Bestall et al. 1999; Koulouris et al. 2003) . The PSFS asks participants to list the five important activities that they are unable to do, or have difficulty undertaking, and rate their ability to perform the activities on a scale of zero ('unable to perform activity') to 10 ('able to perform activity at same level as before this problem'). This format is highly specific for each participant and has been shown to be reliable and valid (Stratford et al. 1995 (Brazier et al. 1992; Garratt et al. 1993; Lyons, Perry & Littlepage 1994 ).
The St-George's Respiratory Questionnaire (SGRQ) is a 50 item self-administered survey widely used for individuals with asthma or COPD Ketelaars et al. 1997; Spencer et al. 2001; Ferrer et al. 2002) . It has been shown to be a diseasespecific valid instrument measuring the impact on overall health, daily life, and perceived well-being Meecham-Jones et al. 1995; Jones & Bosh 1997; Jones 2001) . Internal consistency for this scale has been reported as high, with the 'Symptoms', 'Activity' and 'Impact' scales having a Cronbach's alpha >0.7 and the 'Overall' scale having a Cronbach's alpha >0.9 (Ferrer et al. 2002) .
In addition to these measures, the Community Respiratory Nurse Educator and Physiotherapist working with the participants recorded qualitative, contextual data about the participant in their client files. This included providing commentary on issues such as: hospitalization; death of spouse; house relocation; and general anecdotal comments from the participant about how they were feeling. 
Data Analysis
RESULTS
Sample
A total of 29 participants from the 58 individuals completing one of the referral hospitals' pulmonary rehabilitation programs were enrolled into the home-based maintenance program. All 29 participants agreed to take part in the research and Table   1 shows demographic and baseline statistics for these individuals. Numbers of participants who completed the outcome assessments and loss to follow up are described in Figure 1 . As eight participants did not continue the program beyond a period of five months (0 -5 months), they have been excluded from the outcome analysis. This is essentially due to limited outcome data but also considers that sustained benefit would be difficult to attribute to the PM program given the shorter length of time since completion of the PR program (1 -6 months). No significant differences (p>0.01) were found on clinical or demographic variables between the group that continued the program for at least six months (n=21) and the group that completed 5 months or less of the program (n=8). [Insert Figure 1 and Table 1 here]
Reasons for discontinuation of the PM program or incomplete assessment are recorded in Table 2 and clearly show that the chronicity of the illness is the major explanation for missed data. Data from 21 participants has been included in the analysis. The literature identifies that benefits of pulmonary rehabilitation programs most often dissipate from between six to 12 months if strategies are not put in place.
Therefore those who completed six months or more of the PM program and completed the six month assessment (n=7) have been included in the analysis with participants who completed the program and 12 month measures (n=14) (see Figure   1 ). Data are presented in Table 3 and separated by assessment interval (12 months and 6 months). [Insert Table 2 
Functional exercise capacity
Functional exercise capacity was examined using the six-minute walk test. Eighteen participants (18/21) completed a baseline and at least one post-intervention six-minute walk test. Two participants were unable to complete the walk due to ill-health while one participant declined attending the assessment. Of those participants taking the test, 15 showed no clinically significant difference while three showed a clinically significant decline (a difference of greater than 70 metres from baseline).
Quality of life
Analysis of participant scores for those who completed a baseline and 6m or 12m SGRQ (19/21) revealed no significant change in mean scale scores across the time interval. The mean differences are recorded in Table 3 . The generic quality of life tool, the SF-36 Health Survey was poorly completed and therefore analysis was limited to a description of responses to the Reported Health Transition question (Q2).
In this question respondents are asked: "Compared to one year ago, how would you rate your health in general now?" This question was answered by 20/21 participants.
Sixteen participants rated their health as the same (n=9) or improved (N=7), while 4 participants reported that they were somewhat worse now. These findings and the absence of a significant decline in SGRQ scales is reflected in the anecdotal, qualitative data collected by the Community Respiratory Nurse Educator and Physiotherapist working with the participants. One participant stated that he/she 'had more good days than bad days' and that his/her 'mental attitude was a lot better', with improvements in his/her perceived quality of life. Another participant went as far as to state that he/she was feeling the best he/she had felt in 10 years. [Insert Table 3 here] Self-efficacy Self-efficacy was determined using the COPD Self-Efficacy scale at baseline and 12 months. Twelve participants (12/14) who completed the 12 month PM program also completed the Self-Efficacy scale. No statistically significant changes were revealed across the time interval (see Table 4 ). A correlational test was performed to explore the relationship between the initial self-efficacy scores and the initial functional (sixminute walk; MRC Dyspnoea Scale; Patient Specific Functional Scale) and quality of life scores (St George's Respiratory Questionnaire). A significant, positive correlation of moderate to high magnitude in the MRC Dyspnoea scale and the total SGRQ and sub-scales scores was observed (see Table 5 ). These correlations indicate that higher self-efficacy was associated with greater severity of COPD and better health-related quality of life (see Table 5 ). [Insert Table 4 and Table 5 here]
Program attendance
Overall, there were no significant differences found between the participants who attended the final 12 month program session and those that did not attend the final 12 month session according to: age; gender; diagnosis type; baseline severity; years since diagnosis; and initial self-efficacy scores.
DISCUSSION
The incidence of COPD is high, being the third leading cause of "burden of disease" and the fourth highest cause of death in men in Australia (AIHW 2000) . The ageing population will see the prevalence continue and possibly increase, with the cost to the Model (Champion & Sugg Skinner, 2008) . Furthermore higher self-efficacy was also linked to better quality of life, suggesting a possible factor in maintaining motivation during a 12 month maintenance program. These results and the consensus that the benefits of completing a PR program are likely to decline after six months suggest that the maintenance program in this study is likely to have contributed to the low dissipation levels post pulmonary rehabilitation in COPD individuals participating in the program. As the purpose of the program was to maintain participant gains in functional ability, fitness and ability to self-manage after completion of an eight-week pulmonary rehabilitation programs, it appears that the program facilitated clinically significant results, especially considering the number of participants who experienced an un-associated decline in health during the 12 month study period.
From a methodological perspective, this study was limited in its ability to reveal generalisable results. The pre-test post-test design was unable to detect statistically significant findings as the sample size was too small and this was compounded by a considerable loss to follow-up and limited adherence. It is important to note that the intervention was designed to maintain benefits and therefore an increase in functioning was not expected, however statistically significant declines would be valuable to detect. Furthermore the study design did not include a control group, making it difficult to attribute the findings to the intervention. The inclusion of a control group to this study was in many ways impracticable. There was no 'usual' or 'standardised' care following the PR program, therefore it would have been difficult to maintain clients' motivation during a 12 month period of 'no care'. Importantly anecdotal evidence suggested that clients participating in the PM program from 2003 -2005 were highly satisfied with the program and were maintaining functional abilities. For this reason it was considered unreasonable to preclude COPD patients, many with moderate to severe respiratory problems, from the PM program. And finally, self-selection is often necessary when participating in programs that necessitate a willingness and motivation to follow the program guidelines and health professional recommendations. Randomising people to the intervention would have required a significant length of time to meet the sample size requirements and therefore would have been beyond the scope of this small study.
Clearly, overcoming problems with recruitment and adherence are primary considerations when researching effectiveness of maintenance programs.
Incorporating qualitative methods is likely to overcome some limitations to small data sets by contributing more detail to the findings. However, it should also be recognised that when conducting any maintenance program research a level of unpredictability in terms of participant attrition/loss may be expected given the chronicity of COPD and the negative impact it has on individuals. No maintenance program can stop COPD from continuing to worsen in time. There are many factors likely to play a role in continuation of the PM program and adherence to the program guidelines. Unfortunately, due to incomplete data and a small sample size, the COPD self-efficacy scale was limited in its ability to detect an association between selfefficacy and program adherence and continuation. Factors which influence adherence and continuation should be investigated in future studies.
Limitations and Recommendations
Inconsistent collection of data due to participant loss (i.e. ill-health, death, lack of commitment etc) at pre, six months and post-intervention (12 months) resulted in incomplete data sets and a high level of missing information, although, it should be noted that the sample size for this study is similar to that observed in previous research (Romagnoli et al. 2006; Puente-Maestu et al. 2003; Grosbois et al. 1999; Wijkstra et al. 1996) . This made the sample size difficult to analyse and from which to infer statistically significant findings. Future studies require larger sample sizes and attention to recruitment and adherence of participants to complete the program. A post hoc power analysis based on this study's finding was undertaken to identify what the appropriate sample size would be for future research. Data from the SGRQ, a disease-specific QOL tool and primary endpoint was used. The mean difference between baseline and 12-month Total SGRQ scores and standard deviation (as reported in Table 3 ) revealed an effect size (Cohens d) of -0.0801754. Using this effect size, GPower post hoc calculations showed, that a future study would require n = 100 to obtain a power = 0.800, with a α of 0.05, using a matched pairs analysis framework.
We recommend that mainteance program measures to assess participant outcomes should ideally involve fewer measures, easily administered and focus more on specific elements, such as quality of life or respiratory function. This will build a solid, reliable evidence-base for maintenance programs and their specific benefits and outcomes. 
CONCLUSION
IMPLICATIONS FOR PRACTICE
The outcomes of the research provide evidence for improving patient care through the use of a community based strategy. Improving the exercise capacity and ability to do daily activities for patients with COPD through home-based strategies may have financial benefits in terms of reduced hospital admissions, reduced psychological stress, and improved quality of life and needs further investigation. This also has the potential to improve quality of life for family caregivers of these patients. The principles of a model of care that involves self regulation and monitoring also has the potential to be tailored for use in other health care settings and for other chronic disease processes. Thus, the outcomes of this research have the potential to lead to research in other health care areas. This research also adds to the knowledge on what strategies may contribute to the maintenance of benefits of pulmomany rehabilitation. 
